In conscious subjects breathing spontaneously the performance of the Lack semi-closed system resembled the Magill attachment in that rebreathing was only detected at fresh gas flows of less than resting minute volume. With the Bain semi-closed system rebreathing was detectable at fresh gas flows of the order of 2.5 times the minute volume. The two co-axial circuits behaved similarly for anaesthetised patients. In adults breathing spontaneously the Lack system is efficient and more economical than the Bain.
Of the semi-closed breathing systems used in spontaneous respiration to deliver anaesthetic gases to the patient the Magill attachment is particularly popular for, as Mapleson I predicted, it only needs a fresh gas supply equal to the alveolar ventilation rate to avoid rebreathing. 2 ,3 It has a disadvantage in that the expiratory valve is sited next to the patient. Bain and Spoerel 4 introduced a light-weight coaxial system in which the expiratory valve was mounted at the machine end. Theoretically it behaves as a MapJeson 'D' circuit I and needs fresh gas flows of between two and three times the minute volume to eliminate rebreathing. 5 Lack 6 produced an alternative co-axial system in which the expiratory valve was also at the machine end but where the reservoir bag was on the inspiratory limb. Figure 1 shows the two attachments diagrammatically. The Lack system should behave like the Magill attachment. The initial prototype had an inspiratory limb of too small a volume. 7 The
We present here a comparison of the Lack system (MIE Ltd., Exeter) and Bain system (Penlon Ltd., Oxford) with the Magill attachment in spontaneously breathing adults. Some of the early findings have been reported. 8 
METHODS
The volume of the inspiratory and expiratory pathways were determined by water displacement. Resistance to gas flow in each tube was measured as the pressure decrease determined at a flow rate of 30 IImin of air. 9 The performance of all three systems was assessed using air as the fresh gas in six healthy volunteers (average weight 72.5 kg, range 63-84 kg). Figure 2 summarises the experimental arrangement. Air was delivered via a calibrated rotameter into the system which was connected to the subject by a close-fitting facemask. Expired minute volume was measured using an electronic Wright respirometer, calibrated with a Starling Ideal pump. Gases were sampled at the angle-piece. Oxygen concentration was measured with a Medishield medical mass spectrometer and carbon dioxide with aURAS infra-red capnograph. CO2 % rr CAPNOGRAPH U (Sample returned) WRIGHTS RESPIROMETER minute volume, inspired and expired gases made when conditions were stable. With the Bain system the weight of the subjects was allowed for as many previous reports discuss fresh gas requirements in mllkg/min. The flow rate was first 200 mllkg/min (approximately 14 l/min), higher flows proving to be uncomfortable and adding considerable resistance to breathing. It was then reduced in steps closely equivalent to 150, 100 and 70 mllkg/min, keeping the proportion of nitrous oxide constant.
Anaesthetised subjects were studied similarly except that measurements of ventilation and carbon dioxide only were made. Five fit patients (average weight 60.8 kg, range 46-77 kg) undergoing vaginal hysterectomy were given papaveretum (10-20 mg) and hyoscine (0.2-0.4 mg) one hour before induction of anaesthesia with thiopentone (250-350 mg). Anaesthesia was maintained with nitrous oxide (67070) in oxygen and halothane (0.5-1.0070) with, in addition, an epidural injection of lignocaine (15-25 ml of a 1.5070 solution) at the L 2/3 interspace. 
With the Lack system and a Magill
After a change in gas flow, measurements attachment of equal expiratory resistance, the were taken from the recorded traces once a initial fresh gas flow rate was set at 8 IImin and steady state had been reached. The gas from the minute volume and gas composition recorded.
capnograph was returned to the circuit. The The flow was then reduced in steps of 2, 1.5 or analysers were calibrated with oxygen in 1.0 IImin and further recordings of the expired nitrogen and carbon dioxide in oxygen mixtures of known composition. For the studies in patients the capnograph was calibrated against carbon dioxide in nitrous oxide (670/0) and oxygen.
RESULTS
Circuit Description. The physical features of the Lack and Bain systems are compared in Table 1 . Although the Bain system is longer it is lighter than the Lack. The resistance in the expiratory pathway is greater in the Bain than in the Lack system. ..........
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Volunteer Studies. Parts of the records obtained in one subject breathing through each system are shown in Figures 3, 4 and 5. With the Lack system ( Figure 3 ) at the higher fresh gas flow rates, rebreathing was not seen. At and below a fresh gas flow rate of 4 1!min, carbon dioxide was present throughout the inspiratory phase, inspired oxygen tension was reduced and the expired minute volume rose. These changes are similar to those seen with the Magill attachment ( Figure 4 ). However, with the Bain system ( Figure 5 ) rebreathing was detectable at all fresh gas flows used and was greatest at the lowest flow rates. Table 2 summarises the results obtained with the Lack and Magill systems in the six volunteers. Although initial expired minute volumes were of the order of 6-8 1!min, only when the fresh gas flow rate was reduced to 4 1!min was rebreathing shown by inspired carbon dioxide concentrations of 0.2 or 0.1 % and a reduction in oxygen concentration to 20%. Further reduction of fresh gas flow to 3 1!min led, with both systems, to a fall in endtidal oxygen concentration and an increase in expired minute volume. Using a paired t-test the one significant difference was that at a flow rate of 3 1!min the expired minute volume was greater with the Magill attachment than with the Lack system. Table 3 compares results using the Lack with those obtained with the Bain system. With the Lack system, as above, the fresh gas flow rate BAIN Ot F I. min-1 10 had to be reduced to 4 lImin before rebreathing was detected. In contrast, rebreathing was present with the Bain system at a mean fresh gas flow rate of 10.5 l/min and increased as the gas flow was further reduced, preventing recordings being made in two of the volunteers at the lowest flow rates.
Studies in Patients.
Although confined to measurement of carbon dioxide concentrations and expired minute volume, the studies in the patients are in agreement with the studies in the volunteers. Tables 4 and 5 summarise the findings. With the Bain system rebreathing was seen in four of the five subjects at mean fresh gas flow rates of both 12.4 and 9.3 IImin and in all subjects at 6.2 IImin or less. With the Lack system rebreathing was not seen at a fresh gas flow rate of 6 IImin, was just evident at 4.5 IImin in two of the subjects, at 3 IImin in two and in all five only when the flow rate was 2 IImin. 
DISCUSSION
The results presented here are consistent with the predictions made by Mapleson in 1954' for the Magill atttachment and the Mapleson "D" circuit, and are supported by recent findings." The Lack system behaves as does the Magill attachment and the present commercially available version overcomes the objections raised by Barnes and his colleagues. 7 Our results using the Bain system are consistent with those in volunteers described by Conway, Seeley and Barnes s who found that fresh gas flow rates of between two-and-a-half and three ~imes the resting minute volume are needed to prevent rebreathing.
Rebreathing might be wrongly interpreted as occurring if the capnograph sample was returned in the wrong respiratory phase. Our results with the Magill attachment, however, are consistent with previous studies 2 ,3 and the methods used were the same with all systems.
The results of Spoerel, Aitken and Bain ll tend to support our findings. Arterial carbon dioxide tensions during spontaneous breathing were higher where the Bain system was used with a fresh gas flow of 70 mllkg/min than with either a Magill or circle absorber system and increased flow led to lower carbon dioxide levels, suggesting that rebreathing was occurring. The unpredictable nature of this potential hypercapnia with the Bain system has already been described. 12 We have taken rebreathing to be indicated by the detection of carbon dioxide in the inspired gas and a reduction in the inspired oxygen concentration. Both will lead to an increase in the end-tidal carbon dioxide concentration and a fall in the alveolar oxygen concentration provided there is no alteration in respiratory gas exchange. The ensuing increase in arterial carbon dioxide and fall in arterial oxygen tensions may stimulate ventilation. Exactly which effects will be most easily detected depends partly on the sensitivity of the chemoreceptor reflexes. In anaesthetised patients the increase in minute volume in response to hypercarbia may be muted in comparison with the awake subject. Perhaps the confusion, referred to by Spoerel, 13 is due to faulty interpretation of what constitutes rebreathing.
When choosing which semi-closed system to use in any individual patient a number of factors need to be taken into account. Convenience is one. The Bain system is lighter than the Lack thereby minimising drag. Scavenging is easier with both the Lack and the Bain than with the Magill attachment with which an additional hose is needed near the patient's airway. The avoidance of rebreathing is another consideration. In patients breathing spontaneously the Lack system is more economical than the Bain as fresh gas flow rates of the order of the expired minute volume or less will prevent rebreathing. Flow rates of two to three times the expired minute volume are needed with the Bain; most of this gas will never enter the patient and poses a major contaminant risk in the operating theatre atmosphere if not effectively scavenged.
We conclude that in patients breathing spontaneously rebreathing can be avoided using the Lack system with fresh gas flow rates of the order of the expired minute volume whereas with the Bain system the fresh gas flow rate must be much greater than the minute volume if significant rebreathing is to be prevented.
